US009167728B2

a2 United States Patent 10) Patent No.: US 9,167,728 B2
Schultz (45) Date of Patent: Oct. 20, 2015
(54) INFORMATION TECHNOLOGY EQUIPMENT %88?;8%22;;8 i} } (l)gggg ga{ngbell elt 1 361/695
clady et al.
COOLING METHOD 2008/0245506 Al  10/2008 Campbell et al.
. 2009/0056910 Al 3/2009 Malliaetal. ................. 165/80.3
(75) Inventor: Mark D. Schultz, Ossining, NY (US) 2009/0086428 Al 4/2009 Campbell et al. ............ 361/694
2009/0086432 Al 4/2009 Campbell et al.
(73) Assignee: International Business Machines %818; 8(1)?(7) égi ﬁ} * ggg}g I\AVrimdiLIi et al.al ..... . 3613/2;/96491;
: oodbury etal. ...........
Corporation, Armonk, NY (US) 2010/0126696 Al 52010 Novotny etal. ... 165/67
. . . . . 2010/0236772 Al 9/2010 Novotny et al.
(*) Notice:  Subject to any disclaimer, the term of this 2010/0263855 Al* 10/2010 Arimilli ot al, ooooooo..... 165/288
patent is extended or adjusted under 35
U.S.C. 154(b) by 589 days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 13/551,858 WO WO 2007098477 A2 8/2007
WO WO0 2010112873 Al  10/2010
(22) Filed: Jul. 18, 2012 OTHER PUBLICATIONS
(65) Prior Publication Data 1. G. Torok et al, “Packaging design of the IBM System z10 Enter-
US 2014/0020884 A1 Jan. 23. 2014 prise Class platform central electronic complex”, 2009.
(51) Int.Cl * cited by examiner
HOSK 7/20 (2006.01) . . .
Primary Examiner — Darrin Dunn
GOSD 23/00 (2006.01) Assistant Examiner — Christopher E Everett
(52) US.Cl P
CPC ...... HOSK 7/20836 (2013.01); HOSK 7720281 (/%) Attorney, Agent, or Firm —1Ido Tuchman; Anne V.
(2013.01); GOSD 23/00 (2013.01) ~ Dovgherty
(58) Il:“Iield of Classification Search (57) ABSTRACT
one
See application file for complete search history. According to one embodiment, a system for removing heat
from a rack of information technology equipment may
(56) References Cited include a sidecar indoor air to liquid heat exchanger that cools

U.S. PATENT DOCUMENTS

6,973,801 B1* 12/2005 Campbell etal. ............ 62/259.2

7,086,247 B2* 8/2006 Campbell etal. . .. 62/259.2
7,106,590 B2* 9/2006 Chuetal. .....c.coonie 361/701
7,236,363 B2* 6/2007 Belady ........ccooovviiiinne 361/699
7,315,448 B1* 1/2008 Bashetal. ............ 361/701
7,436,666 B1* 10/2008 Konshak ........... . 361/699
7,665,325 B2* 2/2010 Campbell etal. . ... 62/430
7,757,506 B2* 7/2010 Ellsworth et al. .... 62/259.2
7,907,406 B1* 3/2011 Campbelletal. ............. 361/699
8,689,801 B2* 4/2014 Campbell etal. ............. 165/288
8,724,315 B2* 5/2014 Branton ............. 361/679.53

air utilized by the rack of information technology equipment
to cool the rack of information technology equipment. The
system may also include a liquid to liquid heat exchanger and
an outdoor heat exchanger. The system may further include
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exchanger, the rack of information technology equipment,
and the outdoor heat exchanger based upon ambient tempera-
ture and/or ambient humidity to remove heat generated by the
rack of information technology equipment.
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liquid to liquid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger
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' E

Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technclogy equipment
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Connecting configurable pathways between a sidecar indoor air

to ligquid heat exchanger, a liquid te liguid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger
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Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

v /‘ 52

Using a first cooclant to flow through the sidecar heat
exchanger and the rack of information technology eguipment
during a first period of time, and using a second coolant to
flow through the sidecar heat exchanger and the outdoor heat
exchanger during a second period of time
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liquid to liquid heat exchanger,

the rack of information technology egquipment, and an outdoor
heat exchanger
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Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

! [

Using a first coolant to flow through the sidecar heat
exchanger and the rack of information technology egquipment
during a first period of time, and using a second coolant to
flow through the sidecar heat exchanger and the outdoor heat
exchanger during a second period of time

l [

Temporarily opening the rack of information technology
eguipment to use indoor air cocling during an exchange ¢f the
second coolant utilized by the sidecar heat exchanger to aveid

shutting down the rack of information technology equipment
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a ligquid to liguid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger
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Controlling fluid flow through the configurable pathways based
upon ambient temperature and/cr ambient humidity to remove heat
from the rack of information technology equipment
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Positioning the sidecar heat exchanger upstream/or downstream
of the liguid to liguid heat exchanger

END
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liquid to ligquid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger
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Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

¢ 7

Using a first ccolant to flow through the sidecar heat
exchanger and the rack of information technology equipment
during a first period of time, and using a second coolant to
flow through the sidecar heat exchanger and the outdoor heat
exchanger during a second period of time

l //~76

Removing either the first coolant or the second cocolant from
the sidecar heat exchanger using pressurized gas

END
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liquid to liguid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger

36
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Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology egquipment

¢ ™

Passing an interior loop through the sidecar heat exchanger and
the liquid to liquid heat exchanger and/or the rack of
information technology equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior loop and the
exterior loop are separate from each other

END
86
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Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liquid to ligquid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger

36
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Controlling fluid flow through the configqurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology eguipment

v /" 84

Passing an interior loop through the sidecar heat exchanger and
the liquid to liguid heat exchanger and/or the rack of
information technelogy equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior loop and the
exterior loop are separate from each other
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Providing bypass flow in the exterior loop

FIG. 16
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Connecting configurable pathways between a sidecar indcocr air

to liquid heat exchanger, a ligquid to liquid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger
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Contrelling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment
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Passing an interior loop through the sidecar heat exchanger and
the liguid to liquid heat exchanger and/or the rack of
information technology equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior loop and the
exterior loop are separate from each other

100
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Providing two separate sidecar heat exchangers with one of the
two sidecar heat exchangers connected to the interior loop and
the other sidecar heat exchanger connected to the exterior loop

END
102

FIG. 17
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Connecting configurable pathways between a sidecar indoor air

to liguid heat exchanger, a liquid to liquid heat exchanger,

the rack of information technology equipment, and an cutdoor
heat exchanger

36

' ~

Contrelling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

¢ ™

Passing an interior loop through the sidecar heat exchanger and
the liguid to liquid heat exchanger and/or the rack of
information technology equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior loop and the
exterior loop are separate from each other
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Controlling the fluid flow to flow through the intericr loop
and exterior loop

END
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Connecting configurable pathways between a sidecar indoor air

te liguid heat exchanger, a liquid to liguid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger

36
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Contrelling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

v /" 84

Passing an interior loop through the sidecar heat exchanger and
the liguid to liquid heat exchanger and/or the rack of
information technology equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior loop and the
exterior loop are separate from each other

l //-116

Using a single set of heat transfer fins for the interior loop
and the exterior loop within the sidecar heat exchanger

END
118
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/‘ 34

Connecting configurable pathways between a sidecar indoor air

to liquid heat exchanger, a liguid to liquid heat exchanger,

the rack of information technology equipment, and an outdoor
heat exchanger

I i

Controlling fluid flow through the configurable pathways based
upcn ambient temperature and/or ambient humidity to remove heat
from the rack of information technology eguipment

i i

Passing an interior locp through the sidecar heat exchanger and
the liguid to liquid heat exchanger and/or the rack of
information technology equipment, passing an exterior loop
through the sidecar heat exchanger and the outdoor heat
exchanger, and the fluid flow within the interior locp and the
exterior loop are separate from each other

124
A /4

Positioning the sidecar heat exchanger’s interior loop upstream
and/or downstream of the rack of information technology
equipment

END
126

FIG. 20
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128—-—~\\k
/fﬂ32

Connecting configurable pathways between a ligquid teo liguid
heat exchanger, a rack of information technology equipment,
an outdoor heat exchanger, and a sidecar heat exchanger
positioned upstream and/or downstream of the liquid to liguid
heat exchanger

' ~

134

Controlling fluid flow thrcough the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology egquipment

v //r* 136

Using a first coolant to flow through the sidecar heat
exchanger and the rack of information technology eguipment
during a first period of time

138
i /[

Using a second coolant to flow through the sidecar heat
exchanger and the outdoor heat exchanger during a second period
of time

END
140

FIG. 21
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Connecting configurable pathways between a liquid to liquid
heat exchanger, a rack of information technology equipment,
an outdocor heat exchanger, and a sidecar heat exchanger
positioned upstream and/or downstream of the liguid to liquid
heat exchanger

' s

148

Controlling fluid flow through the configurable pathways based
upon ambient temperature and/or ambient humidity to remove heat
from the rack of information technology equipment

i / 150

Passing an interior loop through the sidecar heat exchanger and
the liguid to liquid heat exchanger and/or the rack of
information technology equipment

l //-152

Passing an exterior loop through the sidecar heat exchanger and
the outdoor heat exchanger, and the fluid flow within the
intericor loop and the exterior loop are separate from each

other

END
154
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INFORMATION TECHNOLOGY EQUIPMENT
COOLING METHOD

GOVERNMENT RIGHTS

This invention was made with Government support under
Contract No.: DE-EE0002894 (awarded by Department of
Energy (DOE)). The Government has certain rights in this
invention.

BACKGROUND

The disclosure relates to the field of computer systems,
and, more particularly, to cooling information technology
equipment.

Information technology equipment (IT) includes computer
systems and associated subsystems. I'T equipment generally
generates heat as a byproduct of operation.

SUMMARY

According to one embodiment, a method for removing heat
from a rack of information technology equipment may
include connecting configurable pathways between a sidecar
indoor air to liquid heat exchanger, a liquid to liquid heat
exchanger, the rack of information technology equipment,
and an outdoor heat exchanger. The method may also include
controlling fluid flow through the configurable pathways
based upon ambient temperature and/or ambient humidity to
remove heat from the rack of information technology equip-
ment.

In another example embodiment, the method for removing
heat from a rack of information technology equipment may
include connecting configurable pathways between a liquid
to liquid heat exchanger, a rack of information technology
equipment, an outdoor heat exchanger, and a sidecar heat
exchanger positioned upstream and/or downstream of the
liquid to liquid heat exchanger. The method may also include
controlling fluid flow through the configurable pathways
based upon ambient temperature and/or ambient humidity to
remove heat from the rack of information technology equip-
ment. The method may further include using a first coolant to
flow through the sidecar heat exchanger and the rack of infor-
mation technology equipment during a first period of time.
The method may additionally include using a second coolant
to flow through the sidecar heat exchanger and the outdoor
heat exchanger during a second period of time.

In another example embodiment, the method for removing
heat from a rack of information technology equipment may
include connecting configurable pathways between a liquid
to liquid heat exchanger, a rack of information technology
equipment, an outdoor heat exchanger, and a sidecar heat
exchanger positioned upstream and/or downstream of the
liquid to liquid heat exchanger. The method may also include
controlling fluid flow through the configurable pathways
based upon ambient temperature and/or ambient humidity to
remove heat from the rack of information technology equip-
ment. The method may further include passing an interior
loop through the sidecar heat exchanger and at least one of the
liquid to liquid heat exchanger and the rack of information
technology equipment. The method may additionally include
passing an exterior loop through the sidecar heat exchanger
and the outdoor heat exchanger, and the fluid flow within the
interior loop and the exterior loop are separate from each
other.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a summer dual loop
information technology equipment cooling system in accor-
dance with various embodiments.

FIG. 2 is a block diagram illustrating an alternate summer
dual loop information technology equipment cooling system
in accordance with various embodiments.

FIG. 3 is a block diagram illustrating another alternate
summer dual loop information technology equipment cool-
ing system with a lower pressure drop in accordance with
various embodiments.

FIG. 4 is a block diagram illustrating another alternate
summer dual loop information technology equipment cool-
ing system in accordance with various embodiments.

FIG. 5 is a block diagram illustrating an alternate summer
dual loop information technology equipment cooling system
with exterior bypass in accordance with various embodi-
ments.

FIG. 6 is a block diagram illustrating a winter dual loop
information technology equipment cooling system configu-
ration in accordance with various embodiments.

FIG. 7 is a block diagram illustrating another alternate
summer dual loop information technology equipment cool-
ing system configuration in accordance with various embodi-
ments.

FIG. 8 is a block diagram illustrating an alternate winter
dual loop information technology equipment cooling system
configuration in accordance with various embodiments.

FIG. 9 is a flowchart illustrating method aspects according
to various embodiments.

FIG. 10 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 9.

FIG. 11 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 9.

FIG. 12 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 11.

FIG. 13 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 9.

FIG. 14 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 11.

FIG. 15 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 9.

FIG. 16 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 15.

FIG. 17 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 15.

FIG. 18 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 15.

FIG. 19 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 15.

FIG. 20 is a flowchart illustrating method aspects accord-
ing to the method of FIG. 15.

FIG. 21 is a flowchart illustrating method aspects accord-
ing to various embodiments.

FIG. 22 is a flowchart illustrating method aspects accord-
ing to various embodiments.

DETAILED DESCRIPTION

Embodiments will now be described more fully hereinafter
with reference to the accompanying drawings, in which pre-
ferred embodiments are shown. Like numbers refer to like
elements throughout.

With reference now to FIGS. 1-8, an example of a system
10 for removing heat from a rack of information technology
equipment 12 is initially described. The system 10 includes a
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sidecar indoor air to liquid heat exchanger 14 that cools air
utilized by the rack of information technology equipment to
cool the rack of information technology equipment. The side-
car heat exchanger 14 connects to the rack of information
technology equipment 12 in any orientation, not just the side.
In one embodiment, air flow is recirculated through the rack
12 and sidecar 14 isolated from the room air. The system 10
also includes a liquid to liquid heat exchanger 16, e.g. a
modular water unit (MWU), and an outdoor heat exchanger
18. The system 10 further includes configurable pathways 20
to connect and control fluid flow 224a-% through the sidecar
heat exchanger 14, the liquid to liquid heat exchanger 16, the
rack of information technology equipment 12, and the out-
door heat exchanger 18 based upon ambient temperature
and/or ambient humidity to remove heat from the rack of
information technology equipment. Note that the dashed grey
line(s) in FIG. 1 and others represent separation between two
separate liquid flows, with potential thermal exchange
between the two flows.

In one embodiment, the ambient temperature comprises
outdoor temperature and/or indoor temperature where indoor
refers to within any structure (not shown) housing the rack of
information technology equipment 12, and outdoor refers to
the space external to such structure that is exposed to the
weather. In another embodiment, the ambient humidity com-
prises outdoor humidity and/or indoor humidity where the
terms outdoor and indoor are the same as just previously
discussed.

In one embodiment, the ambient temperature and/or the
ambient humidity is measured and/or projected. Such mea-
surement represents a value that was actively collected from
a suitable measuring instrument whereas a projected value is
based upon historical data, statistical data, and/or the like
potentially in conjunction with current and/or recent mea-
surements.

In one embodiment, the system 10 additionally includes a
first coolant flowing through the sidecar heat exchanger 14
and rack of information technology equipment 12 during a
first period of time. For example, the first period of time
includes temperatures approaching, or lower than, the freez-
ing point of water and therefore the first coolant includes an
anti-freeze additive. In another embodiment, the first coolant
does not include an anti-freeze additive.

In one embodiment, the system 10 also includes a second
coolant flowing through the sidecar heat exchanger 14 and
outdoor heat exchanger 18 during a second period of time. For
instance, the second period of time includes temperatures
greater than the freezing point of water and therefore the
second coolant is substantially only water. In one embodi-
ment, substantially only water means at least 90% water and
10% non-water. Similarly, operation of the sidecar 14 at cool-
ant temperatures above the interior ambient dewpoint may be
undesirable due to condensation risk. In that case the sidecar
14 would be connected to the interior loop operating with the
indoor loop coolant, typically substantially water.

In one embodiment, either the first coolant or the second
coolant is removed from the sidecar heat exchanger 14 using
pressurized gas. In other words, the pressurized gas is used to
displace the first coolant or the second coolant in the sidecar
heat exchanger 14. In another embodiment, compressed air/
gas fittings could be added to the sidecar heat exchanger 14 to
allow for rapid draining during the coolant switch process.
Drained coolant can be either discarded or added back into the
loop it originated from.

In one embodiment, the rack of information technology
equipment 12 is temporarily opened to use indoor air cooling
during an exchange of the second coolant utilized by the
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sidecar heat exchanger 14 to avoid shutting down the rack of
information technology equipment. In another embodiment,
the sidecar heat exchanger 14 is positioned upstream and/or
downstream of the liquid to liquid heat exchanger 16.

In one embodiment, the system 10 also includes an interior
loop 24¢ passing through the sidecar heat exchanger 14 and
the liquid to liquid heat exchanger 16 and/or the rack of
information technology equipment 12. In another embodi-
ment, the system 10 further includes an exterior loop 26a
passing through the sidecar heat exchanger 14 and the out-
door heat exchanger 18. In another embodiment, the exterior
loop 26a-g coolant, e.g. glycol solution, (and the exterior loop
contaminants) are kept from entering the more sensitive (rela-
tive to the sidecar heat exchanger 14) rack of information
technology equipment 12.

In one embodiment, the fluid flow within the interior loop
24a-g and the exterior loop 26a-g are separate from each
other. In another embodiment, the system 10 additionally
includes bypass flow in the exterior loop 265. For example,
the bypass flow is used to limit pressure drop across the
sidecar heat exchanger 14 and to adjust the liquid to liquid
heat exchanger’s 16 inlet temperature. A similar bypass may
also be used during coolant switching operations. In another
embodiment, the bypass flow is used in the interior loop 24/
and/or the exterior loop 26g. For example, the summer func-
tion could involve little or no flow through the interior loop
24f of the dual path sidecar heat exchanger 14. Stated another
way, the liquid to liquid heat exchanger 16 provides most or
all of the fluid flow to the rack of information technology
equipment.

In one embodiment, the sidecar heat exchanger 14 includes
two separate sidecar heat exchangers with one of the two
sidecar heat exchangers connected to the interior loop 24¢ and
the other sidecar heat exchanger connected to the exterior
loop 26¢. In another embodiment, the fluid flow is controlled
to flow through the interior loop 24¢ and/or exterior loop 26¢.
For instance, the configurable pathways 20 route the fluid
flow within the interior loop 24¢ and/or exterior loop 26¢.

Inone embodiment, the system 10 also includes a single set
of heat transfer fins used for the interior loop 24a-g and the
exterior loop 26a-g within the sidecar heat exchanger 14. For
example, such a dual path sidecar heat exchanger 14 can be
used for cost reasons and/or for support of the liquid to liquid
heat exchanger 14 function.

In one embodiment, the sidecar heat exchanger’s 14 inte-
rior loop 24a-g is positioned upstream and/or downstream of
the rack of information technology equipment 12.

In another example embodiment, the system 10 for remov-
ing heat from a rack of information technology equipment 12
includes a liquid to liquid heat exchanger 16 and an outdoor
heat exchanger 18. The system 10 also includes a sidecar
indoor air to liquid heat exchanger 14 that cools airutilized by
the rack of information technology equipment 12 to cool the
rack of information technology equipment, and the sidecar
heat exchanger is positioned upstream and/or downstream of
the liquid to liquid heat exchanger 16. The system 10 further
includes configurable pathways 20 to connect and control
fluid flow 22a-/ through the sidecar heat exchanger 14, the
liquid to liquid heat exchanger 16, the rack of information
technology equipment 12, and the outdoor heat exchanger 18
based upon ambient temperature and/or ambient humidity to
remove heat from the rack of information technology equip-
ment. The system 10 additionally includes a first coolant
flowing through the sidecar heat exchanger 14 and rack of
information technology equipment 12 during a first period of
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time, and a second coolant flowing through the sidecar heat
exchanger and outdoor heat exchanger 18 during a second
period of time.

In another example embodiment, the system 10 for remov-
ing heat from a rack of information technology equipment 12
includes a liquid to liquid heat exchanger 16 and an outdoor
heat exchanger 18. The system 10 also includes a sidecar
indoor air to liquid heat exchanger 14 that cools warm air
generated by the rack of information technology equipment
12, and the sidecar heat exchanger is positioned upstream
and/or downstream of the liquid to liquid heat exchanger 16.
The system 10 further includes configurable pathways 20 to
connect and control fluid flow 224a-/ through the sidecar heat
exchanger 14, the liquid to liquid heat exchanger 16, the rack
of information technology equipment 12, and the outdoor
heat exchanger 18 based upon ambient temperature and/or
ambient humidity to remove heat from the rack of informa-
tion technology equipment. The system 10 additionally
includes an interior loop 24¢ passing through the sidecar heat
exchanger 14 and the liquid to liquid heat exchanger 16
and/or the rack of information technology equipment 12. The
system 10 also includes an exterior loop 26¢ passing through
the sidecar heat exchanger 14 and the outdoor heat exchanger
18 where the fluid flow 22a-/ within the interior loop 24¢ and
the exterior loop 26¢ are separate from each other.

Another aspect is a method to remove heat from a rack of
information technology equipment, which is now described
with reference to flowchart 30 of FIG. 9. The method begins
at Block 32 and may include connecting configurable path-
ways between a sidecar indoor air to liquid heat exchanger, a
liquid to liquid heat exchanger, the rack of information tech-
nology equipment, and an outdoor heat exchanger at Block
34. The method may also include controlling fluid flow
through the configurable pathways based upon ambient tem-
perature and/or ambient humidity to remove heat from the
rack of information technology equipment at Block 36. The
method ends at Block 38.

In another method embodiment, which is now described
with reference to flowchart 40 of FIG. 10, the method begins
at Block 42. The method may include the steps of FIG. 9 at
Blocks 34 and 36. The method may also include using mea-
sured ambient temperature, measured ambient humidity, pro-
jected ambient temperature, and/or projected ambient humid-
ity to control the fluid flow at Block 44. The method ends at
Block 46.

In another method embodiment, which is now described
with reference to flowchart 48 of FIG. 11, the method begins
at Block 50. The method may include the steps of FIG. 9 at
Blocks 34 and 36. The method may also include using a first
coolant to flow through the sidecar heat exchanger and the
rack of information technology equipment during a first
period of time, and using a second coolant to flow through the
sidecar heat exchanger and the outdoor heat exchanger during
a second period of time at Block 52. The method ends at
Block 54.

In another method embodiment, which is now described
with reference to flowchart 56 of FIG. 12, the method begins
at Block 58. The method may include the steps of FIG. 11 at
Blocks 34, 36, and 52. The method may also include tempo-
rarily opening the rack of information technology equipment
to use indoor air cooling during an exchange of the second
coolant utilized by the sidecar heat exchanger to avoid shut-
ting down the rack of information technology equipment at
Block 60. The method ends at Block 62.

In another method embodiment, which is now described
with reference to flowchart 64 of FIG. 13, the method begins
at Block 66. The method may include the steps of FIG. 9 at
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Blocks 34 and 36. The method may also includes positioning
the sidecar heat exchanger upstream/or downstream of the
liquid to liquid heat exchanger at Block 68. The method ends
at Block 70.

In another method embodiment, which is now described
with reference to flowchart 72 of FIG. 14, the method begins
at Block 74. The method may include the steps of FIG. 11 at
Blocks 34, 36, and 52. The method may also include remov-
ing either the first coolant or the second coolant from the
sidecar heat exchanger using pressurized gas at Block 76. The
method ends at Block 78.

In another method embodiment, which is now described
with reference to flowchart 80 of FIG. 15, the method begins
at Block 82. The method may include the steps of FIG. 9 at
Blocks 34 and 36. The method may also include passing an
interior loop through the sidecar heat exchanger and the liquid
to liquid heat exchanger and/or the rack of information tech-
nology equipment, passing an exterior loop through the side-
car heat exchanger and the outdoor heat exchanger, and the
fluid flow within the interior loop and the exterior loop are
separate from each other at Block 84. The method ends at
Block 86.

In another method embodiment, which is now described
with reference to flowchart 88 of FIG. 16, the method begins
at Block 90. The method may include the steps of FIG. 15 at
Blocks 34, 36, and 84. The method may also include provid-
ing bypass flow in the exterior loop at Block 92. The method
ends at Block 94.

In another method embodiment, which is now described
with reference to flowchart 96 of FIG. 17, the method begins
at Block 98. The method may include the steps of FIG. 15 at
Blocks 34, 36, and 84. The method may also include provid-
ing two separate sidecar heat exchangers with one of the two
sidecar heat exchangers connected to the interior loop and the
other sidecar heat exchanger connected to the exterior loop at
Block 100. The method ends at Block 102.

In another method embodiment, which is now described
with reference to flowchart 104 of FIG. 18, the method begins
at Block 106. The method may include the steps of FIG. 15 at
Blocks 34, 36, and 84. The method may also include control-
ling the fluid flow to flow through the interior loop and exte-
rior loop at Block 108. The method ends at Block 110.

In another method embodiment, which is now described
with reference to flowchart 112 of FIG. 19, the method begins
at Block 114. The method may include the steps of FIG. 15 at
Blocks 34, 36, and 84. The method may also include using a
single set of heat transfer fins for the interior loop and the
exterior loop within the sidecar heat exchanger at Block 116.
The method ends at Block 118.

In another method embodiment, which is now described
with reference to flowchart 120 of FIG. 20, the method begins
at Block 122. The method may include the steps of FIG. 15 at
Blocks 34, 36, and 84. The method may also include posi-
tioning the sidecar heat exchanger’s interior loop upstream
and/or downstream of the rack of information technology
equipment at Block 124. The method ends at Block 126.

In another method embodiment, which is now described
with reference to flowchart 128 of FIG. 21, the method begins
at Block 130. The method may include connecting config-
urable pathways between a liquid to liquid heat exchanger, a
rack of information technology equipment, an outdoor heat
exchanger, and a sidecar heat exchanger positioned upstream
and/or downstream of the liquid to liquid heat exchanger at
Block 132. The method may also include controlling fluid
flow through the configurable pathways based upon ambient
temperature and/or ambient humidity to remove heat gener-
ated by the rack of information technology equipment at
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Block 134. The method may further include using a first
coolant to flow through the sidecar heat exchanger and the
rack of information technology equipment during a first
period of time at Block 136. The method may additionally
include using a second coolant to flow through the sidecar
heat exchanger and the outdoor heat exchanger during a sec-
ond period of time at Block 138. The method ends at Block
140.

In another method embodiment, which is now described
with reference to flowchart 142 of FIG. 22, the method begins
at Block 144. The method may include connecting config-
urable pathways between a liquid to liquid heat exchanger, a
rack of information technology equipment, an outdoor heat
exchanger, and a sidecar heat exchanger positioned upstream
and/or downstream of the liquid to liquid heat exchanger at
Block 146. The method may also include controlling fluid
flow through the configurable pathways based upon ambient
temperature and/or ambient humidity to remove heat gener-
ated by the rack of information technology equipment at
Block 148. The method may further include passing an inte-
rior loop through the sidecar heat exchanger and the liquid to
liquid heat exchanger and/or the rack of information technol-
ogy equipment at Block 150. The method may additionally
include passing an exterior loop through the sidecar heat
exchanger and the outdoor heat exchanger, and the fluid flow
within the interior loop and the exterior loop are separate from
each other at Block 152. The method ends at Block 154.

In view of the foregoing, the system 10 provides heat
removal from a rack of information technology equipment
12. For example, a dual enclosure liquid cooled (DELC)
system utilizing a dual loop (DLDELC) [typically without
coolant switching] sacrifices thermal performance in the
summer for freeze and condensation protection in the winter.
This is a particular issue where the interior “air side” peak
temperature is the limiting factor during hot weather. The
substantial temperature rise across the liquid/liquid heat
exchanger (MWU) is a significant constraint on peak ambient
temperature and results in increased power use versus a water
based single loop.

In an embodiment, system 10 routes exterior loop’s 26¢
coolant to the sidecar indoor air to liquid heat exchanger 14
for the hot weather period, either upstream or downstream of
the liquid to liquid heat exchanger 16. In another embodi-
ment, the foregoing system 10 uses draining and refilling of
the sidecar heat exchanger 14 in the spring and the fall.

In an embodiment, system 10 uses a dual (separate) liquid
loop sidecar heat exchanger 14 with valves to control whether
interior, exterior, or both liquid loops 24¢ and 26¢ are routed
through the sidecar heat exchanger based upon on the ambient
temperature and humidity conditions. In another embodi-
ment, the sidecar heat exchanger’s 14 exterior loop 26¢ is
placed upstream or downstream of the liquid to liquid heat
exchanger 16. In another embodiment, the sidecar heat
exchanger’s 14 interior loop 24c¢ is placed upstream or down-
stream of the rack of information technology equipment 12.

In one embodiment, any valve shown as fully closed in the
figures may in operation be very slightly opened to avoid
stagnation of “trapped” coolant. Alternatively, the coolant
loop 24c¢ and 26¢ located between two closed valves can be
drained as the volume of coolant is not particularly large. In
another embodiment, when switching from one valve con-
figuration to another in the dual loop approach, the new
majority coolant loop would first be opened, then the old
coolant loop closed.

As will be appreciated by one skilled in the art, aspects may
be embodied as a system and/or method. Aspects of the
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embodiments are described above with reference to flowchart
illustrations and/or block diagrams of methods and apparatus
(systems).

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems and methods according to vari-
ous embodiments. It should also be noted that, in some alter-
native implementations, the functions noted in the block may
occur out of the order noted in the figures. For example, two
blocks shown in succession may, in fact, be executed substan-
tially concurrently, or the blocks may sometimes be executed
in the reverse order, depending upon the functionality
involved.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the embodiments has been presented for purposes of illustra-
tion and description, but is not intended to be exhaustive or
limited to the embodiments in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the embodiments. The embodiment was chosen and
described in order to best explain the principles of the
embodiments and the practical application, and to enable
others of ordinary skill in the art to understand the various
embodiments with various modifications as are suited to the
particular use contemplated.

While the preferred embodiment has been described, it will
be understood that those skilled in the art, both now and in the
future, may make various improvements and enhancements
which fall within the scope of the claims which follow. These
claims should be construed to maintain the proper protection
for the embodiments first described.

What is claimed is:

1. A method comprising:

connecting configurable pathways between a sidecar heat
exchanger, a liquid to liquid heat exchanger, a rack of
information technology equipment, and an outdoor heat
exchanger;

controlling fluid flow through the configurable pathways
based upon at least one of ambient temperature and
ambient humidity to remove heat from the rack of infor-
mation technology equipment;

recirculating air flow through the rack of information tech-
nology equipment and the sidecar heat exchanger such
that the air flow through the rack of information tech-
nology equipment and the sidecar heat exchanger is
isolated from room air;

configuring a first coolant loop circulating a first coolant,
the first coolant loop including the liquid to liquid heat
exchanger and the rack of information technology
equipment;
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configuring a second coolant loop circulating a second
coolant, the second coolant loop including the liquid to
liquid heat exchanger and the outdoor heat exchanger;

connecting the sidecar heat exchanger to the first coolant
loop and not the second coolant loop during a first time
period; and

connecting the sidecar heat exchanger to the second cool-

ant loop and not the first coolant loop during a second
time period.

2. The method of claim 1 further comprising using at least
one of measured ambient temperature, measured ambient
humidity, projected ambient temperature, and projected
ambient humidity to control the fluid flow.

3. The method of claim 1 further comprising:

removing the first coolant from the sidecar heat exchanger

and the rack of information technology equipment
before the second coolant flows through the sidecar heat
exchanger and the outdoor heat exchanger.

4. The method of claim 3 further comprising temporarily
opening the rack of information technology equipment to use
indoor air cooling during an exchange of the second coolant
utilized by the sidecar heat exchanger to avoid shutting down
the rack of information technology equipment.

5. The method of claim 3 further comprising removing
either the first coolant or the second coolant from the sidecar
heat exchanger using pressurized gas.

6. The method of claim 1 further comprising positioning
the sidecar heat exchanger at least one of upstream and down-
stream of the liquid to liquid heat exchanger.

7. The method of claim 1 further comprising providing
bypass flow in at least one of the interior loop and exterior
loop.

8. The method of claim 1 further comprising controlling
the fluid flow to flow through at least one of the interior loop
and exterior loop.

9. The method of claim 1 further comprising using a single
set of heat transfer fins for the interior loop and the exterior
loop within the sidecar heat exchanger.

10. The method of claim 1 further comprising positioning

the sidecar heat exchanger’s interior loop at least one of

upstream and downstream of the rack of information technol-
ogy equipment.

11. A method of comprising:

connecting configurable pathways between a liquid to lig-
uid heat exchanger, a rack of information technology
equipment, an outdoor heat exchanger, and a sidecar
heat exchanger positioned at least one of upstream and
downstream of the liquid to liquid heat exchanger;

controlling fluid flow through the configurable pathways
based upon at least one of ambient temperature and
ambient humidity to remove heat generated by the rack
of information technology equipment;

using a first coolant to flow through the sidecar heat
exchanger and the rack of information technology
equipment during a first period of time;

using a second coolant to flow through the sidecar heat
exchanger and the outdoor heat exchanger during a sec-
ond period of time;

removing the first coolant from the sidecar heat exchanger
and the rack of information technology equipment
before the second coolant flows through the sidecar heat
exchanger and the outdoor heat exchanger;

configuring a first coolant loop circulating a first coolant,
the first coolant loop including the liquid to liquid heat
exchanger and the rack of information technology
equipment;
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configuring a second coolant loop circulating a second
coolant, the second coolant loop including the liquid to
liquid heat exchanger and the outdoor heat exchanger;

connecting the sidecar heat exchanger to the first coolant
loop and not the second coolant loop during a first time
period; and

connecting the sidecar heat exchanger to the second cool-

ant loop and not the first coolant loop during a second
time period.
12. The method of claim 11 further comprising using at
least one of measured ambient temperature, measured ambi-
ent humidity, projected ambient temperature, and projected
ambient humidity to control the fluid flow.
13. The method of claim 11 further comprising temporarily
opening the rack of information technology equipment to use
indoor air cooling during an exchange of the second coolant
utilized by the sidecar heat exchanger to avoid shutting down
the rack of information technology equipment.
14. The method of claim 11 further comprising removing
either the first coolant or the second coolant from the sidecar
heat exchanger using pressurized gas.
15. A method comprising:
connecting configurable pathways between a liquid to lig-
uid heat exchanger, a rack of information technology
equipment, an outdoor heat exchanger, and a sidecar
heat exchanger positioned at least one of upstream and
downstream of the liquid to liquid heat exchanger;

controlling fluid flow through the configurable pathways
based upon at least one of ambient temperature and
ambient humidity to remove heat generated by the rack
of information technology equipment;

passing an interior loop through the sidecar heat exchanger

and at least one of the liquid to liquid heat exchanger and
the rack of information technology equipment;

passing an exterior loop through the sidecar heat exchanger

and the outdoor heat exchanger, and the fluid flow within
the interior loop and the exterior loop are separate from
each other;

recirculating air flow through the rack of information tech-

nology equipment and the sidecar heat exchanger such
that the air flow through the rack of information tech-
nology equipment and the sidecar heat exchanger is
isolated from room air;

configuring a first coolant loop circulating a first coolant,

the first coolant loop including the liquid to liquid heat
exchanger and the rack of information technology
equipment;
configuring a second coolant loop circulating a second
coolant, the second coolant loop including the liquid to
liquid heat exchanger and the outdoor heat exchanger;

connecting the sidecar heat exchanger to the first coolant
loop and not the second coolant loop during a first time
period; and

connecting the sidecar heat exchanger to the second cool-

ant loop and not the first coolant loop during a second
time period.

16. The method of claim 15 further comprising controlling
the fluid flow to flow through at least one of the interior loop
and exterior loop.

17. The method of claim 15 further comprising using a
single set of heat transfer fins for the interior loop and the
exterior loop within the sidecar heat exchanger.
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